INTRODUCTION {#sec1-1}
============

*Cinnamomum cassia* (*Lauraceae*) is widely distributed in southern China, India, Bangladesh, Sri Lanka and Vietnam. *Cassia* oil (CO) can be extracted from the leaves or barks of this plant.\[[@ref1]\] It has been traditionally used to treat cold, influenza, fever and other inflammatory diseases.\[[@ref2][@ref3]\] The main active volatile component in this oil is cinnamaldehyde that presents in a different amount in CO isolated from different parts of the plant.\[[@ref4]\] Cinnamaldehyde demonstrated antiinflammatory effects in several *in vitro* and *in vivo* studies. It inhibited tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6 and reactive oxygen species in lipopolysaccharide (LPS)-stimulated J774A.1 cells and human monocytes.\[[@ref5]\] It also reduced TNF-α, nitric oxide (NO), inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) and PGE~2~ in the carrageenan-induced mouse paw edema model.\[[@ref6]\] Most reported biological activities of CO were from the essential oil from the barks of *C. cassia*.\[[@ref3][@ref7][@ref8]\] There were very few reports on antiinflammatory effect and effect on iron exporter ferroportin1 (Fpn1) of CO from the leaves of *C. cassia*.

This study aimed to investigate antiinflammatory activity of *cassia* leaf oil in LPS-activated J774A.1 cells. We intended to compare this activity of CO to the activity of its main active component cinnalmaldehyde. Effects of both CO and cinnamaldehyde on the production of inflammatory mediators, antiinflammatory mediators, and on iron regulator Fpn1 were evaluated in this study.

MATERIALS AND METHODS {#sec1-2}
=====================

Cells {#sec2-1}
-----

Mouse macrophage J774A.1 cells were obtained from American Type Culture Collection. The cells were cultured in Dulbecco\'s modified Eagle\'s medium (DMEM) supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 100 μg/ml streptomycin, in 5% CO~2~ at 37°C humidified incubator.

Tested compounds {#sec2-2}
----------------

*Cassia* oil extracted from the leaves of *C. cassia* by steam distillation was obtained from Thai-China Flavours and Fragrances Industry Co., Ltd., (Bangkok, Thailand). Cinnamaldehyde was obtained from Sigma Chemical Co., (St. Louis, MO).

Analysis of essential oil {#sec2-3}
-------------------------

*Cassia* leaf oil was analyzed by gas chromatography (GC) with mass spectrometry using Finnigan Trace GC Ultra Finnigan DSQ Quadrupole detector system (Allured, Illinois, USA). The components of CO were identified by matching their mass spectra and retention times with Adams EO Mass Spectral Library and NIST05 Mass Spectral Library. The relative concentration of each compound in essential oil was computed from GC peak areas by the analysis program.

Determination of nitric oxide production {#sec2-4}
----------------------------------------

J774A.1 cells at 4 × 10^5^ cells/ml were treated with 1.25-20 μg/ml CO or cinnamaldehyde and 100 ng/ml LPS in 96-well plate for 24 h. 0.4% ethanol and 20 μM dexamethasone, in the presence of 100 ng/ml LPS, were used as a negative and the positive controls, respectively. The amount of NO in the supernatant of the treated cells was determined by Griess reaction assay. 100 μl of the supernatant reacted with 20 μl sulfanilamide for 10 min and then with 20 μl N-1-napthylethylenediamine dihydrochloride for 10 min. The reaction mixture was measured at 540 nm. The concentrations of NO were determined as nitrite concentrations from the standard curve prepared from standard nitrite solutions.

Cell viability assay {#sec2-5}
--------------------

The remaining treated cells from NO production assay were determined their viability by resazurin reduction assay. The cells were incubated in 100 μl fresh DMEM medium containing 50 μg/ml resazurin for 2 h at 37°C. The reaction mixture was measured at 570 nm against 600 nm.

Determination of the expression of tumor necrosis factor-α, interleukin (IL)-1β, IL-6, inducible nitric oxide synthase, cyclooxygenase-2, microsomal prostaglandin-E synthase-1, monocyte chemoattractant protein-1, macrophage inflammatory protein-1α, interleukin-10, TGF-β and ferroportin1 by reverse transcription-polymerase chain reaction {#sec2-6}
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

J774A.1 cells at 4 × 10^5^ cells/ml were treated with 5-20 μg/ml CO or cinnamaldehyde and 100 ng/ml LPS in 24-well plate at 37°C for 4 or 24 h. Total RNA were isolated from the treated cells by TRIzol^®^ reagent (Invitrogen, USA). cDNA was synthesized from mRNA in the RNA samples by Impromt II reverse transcription system (Promega, USA). The cDNA samples were used for amplifying mRNA of TNF-α, IL-1β, IL-6, monocyte chemoattractant protein-1 (MCP-1), macrophage inflammatory protein-1α (MIP-1α), IL-10, transforming growth factor (TGF)-β, iNOS, COX-2 and microsomal prostaglandin-E synthase (mPGES)-1 with suitable primers (Bio Basic, Canada) by polymerase chain reaction (PCR). The PCR products were identified by 1.5% agarose gel electrophoresis.

Measurement of tumor necrosis factor-α and interleukin-10 production by ELISA {#sec2-7}
-----------------------------------------------------------------------------

J774A.1 cells at 4 × 10^5^ cells/ml were treated with 5-20 μg/ml CO or cinnamaldehyde and 100 ng/ml LPS in 24-well plate at 37°C for 24 h. The amount of TNF-α and IL-10 in the supernatant of the treated cells was determined by ELISA using PeproTech\'s ELISA kits (PeproTech, NJ, USA).

Statistical analysis {#sec2-8}
--------------------

Data from at least three independent experiments were presented as mean with a standard error of the mean. The data of the treated groups were compared with the control group by using one-way analysis of variance followed by Tukey\'s *post-hoc* test. SPSS program version 17.0 (IBM, Illinois, USA) was used to perform all statistical analysis. *P* \< 0.05 were considered to be statistically significant.

RESULTS {#sec1-3}
=======

Composition of *cassia* leaf oil {#sec2-9}
--------------------------------

A total of 9 compounds was identified in *cassia* leaf oil \[[Table 1](#T1){ref-type="table"}\] and the main compound was cinnamaldehyde (78.35%).

###### 

Chemical compositions of cassia leaf oil

![](JAPTR-5-164-g001)

Effects of *cassia* oil and cinnamaldehyde on inducible nitric oxide synthase mRNA expression and nitric oxide production in lipopolysaccharide-activated J774A.1 cells {#sec2-10}
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Cassia* oil and cinnamaldehyde both at 1.25-20 μg/ml significantly inhibited NO production in a concentration-dependent manner with the IC~50~ value of 6.1 ± 0.25 and 9.97 ± 0.35 μg/ml, respectively \[[Figure 1a](#F1){ref-type="fig"}\]. The inhibitory effect of CO was significantly higher than its main component cinnamaldehyde (*P* \< 0.01). The inhibitory effects of the oil and its component did not affect the viability of J774A.1 cells \[[Figure 1b](#F1){ref-type="fig"}\]. The inhibitory effect of CO and CIN on NO production was supported by the reduction of inducible nitric oxide synthase (iNOS) expression determined by reverse transcription-PCR as presented in [Figure 1c](#F1){ref-type="fig"}. CO and cinnamaldehyde concentration-dependently attenuated iNOS mRNA expression in LPS-activated cells. Cinnamaldehyde showed fewer iNOS inhibitory effect (*P* \< 0.01) comparing with CO in the corresponding concentration \[[Figure 1d](#F1){ref-type="fig"}\].

![Effects of cassia oil and cinnamaldehyde on inducible nitric oxide synthase mRNA expression (c and d), cell viability (b) and nitric oxide production (a) in lipopolysaccharide (LPS)-stimulated macrophages (mean ± standard error of mean) \**P* \< 0.05 compared with LPSstimulated control; ^\#\#^*P* \< 0.01 compared with cassia oil treated cells](JAPTR-5-164-g002){#F1}

Effects of *cassia* oil and cinnamaldehyde on cyclooxygenase-2 and microsomal prostaglandin-E synthase-1 mRNA expression in lipopolysaccharide-activated J774A.1 cells {#sec2-11}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Inducible enzymes COX-2 and mPGES-1 were not expressed in untreated J774A.1 cells but they were highly expressed in the LPS-activated cells \[[Figure 2a](#F2){ref-type="fig"}\]. CO and cinnamaldehyde at 5, 10, and 20 μg/ml significantly and similarly inhibited the mRNA expression of COX-2 enzymes as shown in [Figure 2b](#F2){ref-type="fig"}. Cinnamaldehyde at 5 and 10 μg/ml significantly had higher inhibitory activity than CO on mPGES-1 mRNA expression \[[Figure 2c](#F2){ref-type="fig"}\].

![Effects of cassia oil and cinnamaldehyde on mRNA expression of cyclooxygenase-2 (a and b) and microsomal prostaglandin-E synthase -1 (a and c) in lipopolysaccharide (LPS)-activated macrophages (mean ± standard error of mean) \**P* \< 0.05 compared with LPS-stimulated control; ^\#\#^*P* \< 0.01 compared with cassia oil treated cells](JAPTR-5-164-g003){#F2}

Effects of *cassia* oil and cinnamaldehyde on pro-inflammatory cytokine expression and production in lipopolysaccharide-activated J774A.1 cells {#sec2-12}
-----------------------------------------------------------------------------------------------------------------------------------------------

Pro-inflammatory cytokines, TNF-α, IL-1β and IL-6 did not express in untreated macrophage J774A.1 cells, but they were highly expressed in LPS-activated cells \[[Figure 3a](#F3){ref-type="fig"}\]. Both CO and cinnamaldehyde at 5, 10 and 20 μg/ml similarly and significantly inhibited the expression of TNF-α, IL-1β and IL-6 in activated J774A.1 cells, in a concentration-dependent manner \[[Figure 3b](#F3){ref-type="fig"}--[d](#F3){ref-type="fig"}\]. They also similarly and markedly inhibited TNF-α production in a concentration-dependent manner \[[Figure 3e](#F3){ref-type="fig"}\].

![Effects of cassia oil and cinnamaldehyde on mRNA expression (a-d) and production (e) of pro-inflammatory cytokines in lipopolysaccharide (LPS)-activated macrophages (mean ± standard error of mean) ^+^*P* \< 0.05 compared with untreated control; \**P* \< 0.05 compared with LPS-stimulated control](JAPTR-5-164-g004){#F3}

Effects of *cassia* oil and cinnamaldehyde on expression of chemokines in lipopolysaccharide-activated J774A.1 cells {#sec2-13}
--------------------------------------------------------------------------------------------------------------------

*Cassia* oil and cinnamaldehyde significantly inhibited mRNA expression of chemokines MCP-1 and MIP-1α \[[Figure 4a](#F4){ref-type="fig"}\]. They have similar inhibitory effect on MIP-1α expression \[[Figure 4c](#F4){ref-type="fig"}\]. At 5 and 10 μg/ml CO demonstrated higher inhibitory activity than cinnamaldehyde on MCP-1 expression \[[Figure 4b](#F4){ref-type="fig"}\].

![Effects of cassia oil and cinnamaldehyde on mRNA expression of chemokines (a-c) in lipopolysaccharide (LPS)-stimulated macrophages (mean ± standard error of mean) \**P* \< 0.05 compared with LPS-stimulated control and ^\#\#^*P* \< 0.01 compared with cassia oil treated cells](JAPTR-5-164-g005){#F4}

Effects of *cassia* oil and cinnamaldehyde on antiinflammatory cytokine expression and production in lipopolysaccharide-activated J774A.1 cells {#sec2-14}
-----------------------------------------------------------------------------------------------------------------------------------------------

*Cassia* oil and cinnamaldehyde with the concentration at 10 and 20 μg/ml similarly and significantly increased the expression of antiinflammatory cytokines IL-10 and TGF-β \[[Figure 5a](#F5){ref-type="fig"}--[c](#F5){ref-type="fig"}\]. These two oils with the corresponding concentration also significantly increased IL-10 production \[[Figure 5d](#F5){ref-type="fig"}\].

![Effects of cassia oil and cinnamaldehyde on mRNA expression (a-c) and production (d) of antiinflammatory cytokines interleukin-10 and transforming growth factor-β in lipopolysaccharide (LPS)-activated macrophages (mean ± standard error of mean) ^+^*P* \< 0.05 compared with untreated control; \**P* \< 0.05 compared with LPS-stimulated control](JAPTR-5-164-g006){#F5}

Effects of *cassia* oil and cinnamaldehyde on lipopolysaccharide-suppressed ferroportin1 expression {#sec2-15}
---------------------------------------------------------------------------------------------------

*Cassia* oil and cinnamaldehyde similarly and significantly increased mRNA expression of Fpn1 in LPS-activated cells \[[Figure 6a](#F6){ref-type="fig"} and [b](#F6){ref-type="fig"}\].

![Effects of cassia oil and cinnamaldehyde on mRNA expression of ferroportin1 (a and b) in lipopolysaccharide (LPS)- stimulated macrophages (mean ± standard error of mean) +*P* \< 0.05 compared with untreated control; \**P* \< 0.05 compared with LPSstimulated control](JAPTR-5-164-g007){#F6}

DISCUSSION {#sec1-4}
==========

*Cassia* leaf oil in this study contained mainly cinnamaldehyde 78.35%. Previous studies reported that the cinnamaldehyde was the main active volatile component of *C. cassia* bark and leaf essential oil at 91% and 30%, respectively.\[[@ref9]\] The variation of cinnamaldehyde in each study may be due to the difference in parts of the plant, geographical region, ages of the plant, harvest seasons, and method of oil extraction. Other constituents of CO in this study were also different from reported constituents of bark CO.\[[@ref1][@ref6]\] We could not detect coumarin in CO used in the study.

Both CO and cinnamaldehyde significantly inhibited NO production in a concentration-dependent manner. Inhibition of NO production of these oils correlated to their inhibitory effects on iNOS expression. It is known that iNOS only expresses in macrophages when these cells are activated. This enzyme is responsible for a large amount NO production. Elevations of NO and iNOS in activated macrophages are associated with the pathological process of acute and chronic inflammatory conditions.\[[@ref10]\] CO demonstrated more potent inhibition than cinnamaldehyde on iNOS expression and NO production. It is possible that other constituents in CO may also have an inhibitory effect along with cinnamaldehyde. Eugenol has been reported to inhibit NO and iNOS production in murine macrophage RAW 264.7 cells and human macrophages stimulated by LPS.\[[@ref11][@ref12]\]

Cyclooxygenase-2 and mPGES-1 play major roles in PGE~2~ biosynthesis from arachidonic acid in activated macrophages.\[[@ref13]\] Expression of these enzymes is known to be induced by bacterial products, pro-inflammatory cytokines TNF-α and IL-1β and up regulation of them was detected in many chronic inflammatory diseases.\[[@ref14][@ref15][@ref16]\] mPGES-1 is recently expected to be a novel therapeutic target for inhibiting inflammatory diseases due to the cardiovascular side effects of selective COX-2 inhibitors.\[[@ref17][@ref18]\] CO and cinnamaldehyde similarly and significantly inhibited COX-2 and mPGES-1 mRNA expression in LPS-stimulated J774A.1 cells. These results suggest that they should be able to inhibit PGE~2~ synthesis in activated macrophages. It has been reported that cinnamaldehyde is the only constituent in bark CO that could inhibit iNOS and COX-2 expression.\[[@ref6]\] The effect of CIN on mPGES-1 was first evaluated in this study.

Several pro-inflammatory cytokines and chemokines from activated macrophages during chronic inflammation can cause several inflammatory diseases.\[[@ref19][@ref20]\] In this study, CO and cinnamaldehyde significantly inhibited expression of TNF-α, IL-1β and IL-6. They also decreased mRNA expression of chemokines MCP-1 and MIP-1α which can activate endothelial cells to express adhesion molecules resulting in enhanced the recruitment of leukocytes to the site of inflammation.\[[@ref21]\] Cinnamaldehyde has been reported to inhibit LPS-induced pro-inflammatory cytokine production in murine macrophage RAW264.7 cells\[[@ref6]\] and porcine alveolar macrophage.\[[@ref22]\] Our results confirmed the previous studies and extended the information that these oils also had an inhibitory effect on chemokines MCP-1 and MIP-1α.

Activation of antiinflammatory mediators should attenuate chronic inflammatory condition.\[[@ref23]\] CO and cinnamaldehyde up-regulated expression and production of antiinflammatory cytokines IL-10 and TGF-β while they down-regulated pro-inflammatory cytokine expression and production in LPS-activated macrophages. This study demonstrated that antiinflammatory activities of CO and cinnamaldehyde may come from inhibition of inflammatory mediator production and stimulation of antiinflammatory mediator production.

Anemia of chronic diseases (ACD) is inflammation-related pathology caused by inhibition of intestinal iron absorption and iron sequestration in macrophages by Fpn1 down-regulation. Inflammatory cytokines or LPS could down-regulate macrophage Fpn1 mRNA expression and induce iron sequestration.\[[@ref24]\] This study also demonstrated that LPS-treated macrophages decreased mRNA expression of Fpn1. CO and cinnamaldehyde similarly and significantly increased mRNA expression of Fpn1 in LPS-activated J774A.1 cells. These two compounds can reverse LPS suppressed Fpn1 mRNA expression. Although this study did not determine the intracellular iron level, it is possible that the restoration of Fpn1 mRNA expression should increase iron release. This effect of the compounds may benefit the improvement of ACD. The effect of CO and cinnamaldehyde on an iron regulatory protein was first reported in this study.

CONCLUSION {#sec1-5}
==========

This study demonstrated comparable antiinflammatory activity of CO and cinnamaldehyde on LPS-activated J774A.1 cells. It suggested that almost but not all activities on macrophage mediators of CO come from cinnamaldehyde. Cinnalmaldehyde exhibited antiinflammatory activity by decreasing inflammatory enzymes and mediators and by increasing antiinflammatory mediators. It may also affect the iron homeostasis in macrophages. Nevertheless, *in vivo* studies in animal model of inflammation and toxicity test should be performed to further validate the therapeutic effects of CO extracted from the leaves of *C. cassia*.
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